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JOUINM. OF VEUAt tEAKNINO AND VEWAL KHAVIOII 2t , 6 7 2 - M 7 (IW2) 

The Visual Tongue-Twister Effect: Phonological Activation 
in Silent Reading 

DEiOilAH McCUTCHEN AND CHARLES A. PERFETTI 

Univrttity </ Hmlnfnili 

We tlitci^ the activitfwii <rf|riKMiotopcid infonnattioa dwfcv tUcM read^ 
eKpcriwemt iraiomtratiiis a vivui tot^K-twittcr effect. JiM^ments of utrnMlic ac-
cepuMily took tooier tot feMeaeei wMck repeated mtM cotnonants or commiaM pwrs 
dMferini oafy in voieini sitch as Ip/ aad /bl (tot^Mc-twisa.-sK compared with «mtthed 
pimiclically "neutral" sentences (time contaiMi^ a natural mik or^woemes). in additieii, 
eoncuncm vocaHwtiwi with a tonfue-twistcr phnne dowed performimce. but did not pn>-
(hicc reliaMe specific inteiftfvnce when the vocaliziaioa |4irase repeated the tame wind-
iMtiai contomM (for example, bilabial Ipl) as the sentences being read. We aqpie that the 
kmeerrcadiMitimesfortonfiie^wittersiscMisedtqriMcrferencediKtathe siniiarHyofthe 
phonetic rcpitientatioiis automaiiorily artivaMd ttarins reading. The lack of specific imcr-
fcrence between coiRtirrent vocaiuatioa ana the rewting task suggests that these aiitomati> 
caUy activated phonetic representations are n-H subvocd motor programs and that the 
concwretM vocaiizotion panidigm is not an ̂ ipropristc method to examine the idionotoficat 
tî MrmatMNi used dwing reading. 

At least since Hucy's study of reading 
(1908/1968), tlK role of speech prccesses in 
sfient reading has been an active research 
issue. Much woiic has addiessed the pl«isi-
bOity of s p ^ h recoding prior to lexival ac
cent (Baron, 1973; Kieiman. 1975: Frederik-
een & Kroii. 1976: Bvron St Baron. 1977; 
Cdtbeart, Dsvelaar, lonasson, & Besner. 
1977: Daveiaar, Coltheart, Besner, & Jonas-
son, 1978: Meyer A Ruddy, Note 1). ResuIt*̂  
have been mixed concerning this recoding 
issue (SM McCusker, Hillinj^r. and Bias 
(1981) for a detailed review). However, it is 
possible thet speech in-ocesses have their 
important role in skilled readioi in auto
matic activation processes that are fmrt of 
lexical access, but not necessarily prior to 

This woit IS supported by (he Leammg Research 
and Development Center, which is supported in pari 
by the National Institute of Education, it includes 
work reported at the meetii^ of the Psychonomic So
ciety m Phoenix. AriaNw, in 19^ and the unpublished 
OMSter't thesis of the first author. Reiiuests for re-
prims shouM be sent to the first author. Learning Re
search and Development Center, University of 
KittbiHih, Fenn. IS2l». 

it. We have recently mwie this argument in 
some detail, suggesting how such activation 
processes might occur and tow they woidd 
support comprehension (Perfetti & Mc-
Cutchen, in |H«SS). Automatic activation is 
difficult to demonstrate but tbeie is tuf-
gestive evidence from word vocalizatitHi 
tasks (Navon & Shimron, mi), and iuck-
ward visual masking research (Naish, 1980; 
Perfetti. Bell & McCutchen. Note 2). 

On the other hand, there is evidence for 
the assumfrtion that comprehensron is sup
ported by phonological processes. For 
example, comprehension of senteiKes, as 
reflected in verification times, is reduced by 
concurrent vocalization (Kteiman. I97S) 
and by phonological confusions within a 
sentence (Baddeley & Hitch. 1974; Bad-
deley & Lewis, 1981: Tseng. Hung. A 
Wang. 1977). However, concurrent vocali
zations interfere with comprehension only 
when a fairly precise comfHvhension is re
quired. Thus, fo^wtng a series of studies* 
Levy (1975. 1977. 1978) repotted tliat con
current vocalization interfered with nwm-
ory for wording but not for gist (Levy, 
1978). Slowiaczek and Clifton (I9W) added 

672 
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data to further modify this conclusion, 
showing that concurrent vociUization does 
interfere with comprehension, provided 
compret^nsion demands are gieat enough. 

General Assumptions of a Model of 
Speech Processes in Skilled Reading 

Even in those studies which assume 
Phonological activation occurs during 
reading, the codes involved in this activa
tion have not been explicitly described. It 
has been generally assumed (Kleiman. 
1975: Levy. 1977. 1978: Slowiac/ck & 
Clifton. 1980> that concurrent vocalization 
has its detrimental effect because speech 
mechanisms used in concurrent vocaliza
tion are used implicitly in reading (hence 
the term "suppression" in reference to this 
paradigm). However, a model of speech 
processes in reatling does not need to as
sume the operation of some general all-
purpose "speech mechanism." Neither 
must it assume that ail vocalization inter
feres equally with reading. Instead, speech 
codes, both those used in speaking and 
those used in reading, may be specific for 
speech segments or even features of ar
ticulation. Thus, if words in the sentence 
being read activate the same phonetic code 
repeatedly, interference could result.: Fur
thermore, if concurrent vocalization re
quires those same codes, then interference 
should increase as the items to be read be
come more -phonetically similar to those 
being spoken. 

Testing these hypotheses requires some 
assumptions concerning the nature of the 
linguistic codes and their role in the reading 
process. The following assumptions pro
vide a broad framework for a model, dis
cussed in more detail in Perfetti and 
McCutchen (in press). We assume that 
even when access to the lexicon is provided 
directly by the visual pattern of the printed 
word, a consequence of this lexical access 
is an automatic activation of some pho
nological features. This is not to sugge.it 
that the complete phonological representa

tion of every word is activated. Such de
tailed phonological activation may require 
too much time to be a part of efficient 
reading.. Specifically, we suggest that 
phonetic specification may be incomplete 
and biased toward the beginnings of words. 
In addition, since function words (e.g., de
terminers, prepositions, conjuctions) ^ n -
eraiiy work as syntactic coordinators, they 
may not require such elaborate representa
tion, neither semantically nor phonologi-
cally. Bradley (Note 3) had observed differ
ences between function and content words 
in other reading tasks, and we intend what 
follows to apply only to the content words 
of sentences.. 

An abstract phonological representation 
containing information about the word-
initial phoneme and general phonetic shape 
would be useful in reading, especially dur
ing the integration piocesses of comprehen
sion. Together with abbreviated semantic 
information activated during the initial ac
cess of the lexicon, word-initial phonetic 
information could provide a concise index 
by which to reaccess specific words, if that 
became necessary during comprehension. 
Such a specific lexical index helps in re
trieving a name and examining its specific 
semantic aspects within the context of a 
given sentence, a process we refer to as ref
erence securing (Perfetti & McCutchen, in 
press). 

We assume that the codes used in the ac
tivation of these phonological repre
sentations include some consonant fea
tures, rather than merely vowel sounds. 
The consonant assumption is made for two 
reasons. First, consonants carry more lin
guistic information than vowels. That is. 
consonants more specifically identify words, 
so consonants would be ,more helpful in 
securing specific lexical reference. Second, 
consonants do not have the acoustic dura
tion that vowels do and so are more com
patible with the speed at which silent read
ing can occur. 

Finally, we assume that the consonant 
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code includes distinctive features of ar-
tktU^on. Then is evidence that such fea
tures are part of memory for speech 
(Hintzman, l%7; Wickeigren, l%S, 1966) 
and also cues for perception of fluent 
speech (Cole, Jakimik, & Cooper, 1978). 
Other features, for example, voicing, might 
also prove important. 

These assum|Aions guided the two ex
periments reported below. The experiments 
manipulated the similarity of the consonant 
code both within silently read sentences 
and between these 'sentences and concur
rently vocalized phrases. The first manipu
lation results in visual tongue-twisters, that 
is, silently read sentences that repeat initial 
consonants across several words of a sen
tence.; The rationale of the visual tongue-
twister is as follows.. As each succeed
ing lexical item is accessed, its abstract 
l^nological representation is added to the 
others already stored in temporary mem
ory. The phonological representations of 
words from tongue-twisters should be sim
ilar (especially at the important word-initial 
segment) and cause the kinds of similarity 
confusions often obseived in memory 
tasks.. Thus tongue-twisters should take 
longer to read than phonetically "neutral" 
sentences (those containing a natural mix of 
phonemes). 

The second nianipulatwn examined wheth
er the mechanism of the phonological ac
tivation that occurs in reading is shared by 
vocalization. If the specific phonological 
code required during the silent reading of 
tongue-twister sentences is occupied by 
vocalization, then the reading of tongue-
twisters should be additionally impaired by 
concurrent vocalization of a phrase which 
repeatedly activates the same code. For 
example, reading a tongue-twister with 
many initial /*s and J's should be addition
ally impaired by vocalizing phrases with al
veolar consonants, l\l or /d/. 

EXPERIMENT 1 

The first experinKnt tested the tongue-
twister hypothesis and the additional ef

fects of coiKurrent vocalizatktn. The tongue-
twister hypothesis wouM be confirmed by 
longer acceptability judgments for sen
tences repeating a given word-initial con
sonant, or place of articulation. The possi
bility of specific phonetic interfer',-nce 
from concurrent vocalization was tested by 
varying the phonetic content of the concur
rent vocaliz&tion phrase.. This specific in
terference would show itself either as in
creased times to judge the sentences or as 
disfluencies in the articulation of the vo
calized phrase. To properly evaluate pos
sible trade-offs in this dual task situatk>n, 
both fluency on the vocalization task and 
perfonnance on the sentence judgment task 
were measured. 

To assess the specific phonetk; interfer
ence between vocalizing and reading, a 
"control" phrase was used. This phrase 
contained only vowels so as to control for 
the general effect of concurrent vocaliza
tion, regardless of the phonetic content. 
The performance of subjects vocalizing the 
vowel phrase was used as a baseline to test 
for any effect specific to the phonetic simi
larity between the consonant vocalization 
phrases and the word-initial consonants of 
the sentences being read.: 

We assume the importance of phonetic 
codes in reading is in aiding reaccess to 
specific words in memory. Accordingly, 
interference between codes activated dur
ing reading and those activated during vo
calization may increase as the reading com
prehension task becomes more demanding. 
Thus, reading longer sentences might pro
duce more interference than reading shorter 
sentences. The experiment also varied the 
length of the sentences to be read to test for 
an effect of memory load. 

Method 

Subjects., Subjects were 36 University of 
Pittsburgh undergraduates fulfilling class 
requirements. With the exception of ap
proximate counterbalancing according to 
sex, the 36 subjects were randomly as
signed to one of the three experimental 
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conditions. The conditions differed ac
cording to which i^rase the sublet was to 
vocalize during tte reading task. One group 
of twelve sulĵ ects vocalized a phrase filled 
with the word-initial bilabial consonant Ipl 
whiite reading, a second group vocalized a 
phrase flited with alveolar /t', and a third 
froup vocalized the vowel phra^ /a/, />/, 
/ai/. /o/. lul. 

Materials. The vocalization phrases, to
gether with sample sentences from the 
reading task are presented in Table I. Three 
sets of syntactically parallel sentences were 
constructed for the reading task. The par-
tdlelism was achieved by abstracting the 
syntactic frame used in a sentence in one 
set and repeating it in a sentence in each of 
the other sets. For example, one syntactic 
frame was (ADJECTIVE + NOUN + 
VERB + PREPOSITION + ARTICLE + 
NOUN).. The sentence sets differed accord
ing to the nature of the word-initial conso

nants. One set of sentences repeated 
word-initial bil&bial consonants (/b/ or /p/), 
and one set repeated word-initial alveolar 
consonants (/d/ or III). A third set of 
phonetically "neutral" sentencescontaimd 
a natural mix of word-initisd consonants, 
excluding both bilabials and alveolars. 
Each semantically acceptable neutral sen
tence was a semantic as well-as syntactic 
match to either an acceptable bilal»ai or al
veolar tongue-twister. That is, half the 
neutral sentences were paraphrases of bila
bial tongue-twisters and half were para-
phracss of alveolar tongue-twisters. 

Half of the sentences in each set were 
semantically arceptable. and h^f were not. 
Meaningless sentences were constructed by 
rearranging content words across sentences 
within a given consonant type.; Thus 
semantic anomalies were created while the 
meaningless sentences remained syntacti
cally parallel to meaningful, acceptable 

TABLBI 
EXAMPi tSOf '.ArmiAI-S EXPERIMLNI I 

Vocalization phrjus 

Sentences in 

•yes' 

"no" 

"yes" 

"no" 

"yci" 

reading task 

Vowel. 
Bilabial 

Alveolar 

Short 
Bilabial. 

Alveolar 
Neutral 

Alveolar-

Long 
Bilabial 

Alveolar 

Neutral 

Bilabial 

Mixed 
Bilabial 

Mixed 
Alveolar. 
Neutral: 

Ah ee 1 o So 
Pack a pair of purple pampers. 
Take a taste of tender turllc 

Both bags were in the box 
Twenty toys were in the trunk 
Seven 1 games were in the chest 
Tiny towel were in the trick 

The press published the poem and promised to pay 
for permission 
The detective discovered the danger and decided 
to dig for detail-j 
The investigator found the hazard and chose to 
hunt for answers. 
Tlie puppies puzzled the peninsula and processed 
to please for paper 
The purpose of \*K play was to please 
the brave piincc 
The task of the i!.:vice was to destroy Ihc 
target territory 
The intention of the film was to entertain 
the noble king. 
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senteiKes. Due to this procedure, mean-
ingtess sentences generally required seman-

\ tk analysis to reach a "no" decision, but 
Mme also contained a minor syntactic vio
lation. 

In ad'lition, sentences were cither short, 
three content words, or long, five or six 
content words. With all words counted, 
short sentences averaged six words and 
long sentences averaged ten words. 

Thus there were three sets of short 
sentences—one of bilabial tongue-twisters, 
one of alveola"- tongue-twisters, and one of 
neutral sentences—and three set» of long 
sentences—i>ne bilabial, one alveolar, and 
one neutral. Each of the six sets contained 
32 test sentences. 16 semantically accept
able and 16 unacceptable. In addition to the 
test sentences, there was a practice set of 
24 sentences and three 'ead-in sentences t > 
begin each test set. 

Two blocks of sentences were created: 
one containing all of the long sentences and 
one containing all of the short sentences 
Order of presentation of the blocks was 
counterbalanced across subjects. In addi
tion, within each bltKk the order ot the 
three sets of sentences—bilabial tongue-
twisters, alveolar tongue-twisters, and 
phonetically neutral sentences—was coun
terbalanced following a Latin square drsign. 

Procedure. The subject's task was to 
read each sentence as it was presented on a 
CRT and, as quickly and accurately as pos
sible, press a button marked "yes " if the 
sentence made sense or one marked "no' if 
It did not. The 24-sentence practice file ac-
ouainted subjects with the procedure Pre
sentation of sentences was under control of 
a PDP 11,15 computer, which controlled 
displays and recorded response times and 
errors. Response times were measureo 
from the time the entire sentence came into 
view until the subject responded. The sub
jects began their vocalizations simulta
neous with their keytoard response which 
brought the sentence into view. The vocali
zations were recorded on a cassette re
corder and scored for fluency. 

Prior to the ai^aruice cS the fira ptac-
tice sentence, subjects (micticed the vocali
zation phrase in isolation, and during the 
practice trials subjects were instructed to 
develop a comfortable rhythm in articulirt-
ing the phrase. (This rhythm was used as a 
criterion for rhythm deviation in later 
scoring of vocalization fluency.) The in
structions emphasized accuracy in the 
reading tasK as primary, but subjects were 
instructed to make their decisions as 
quickly as possible, as well as to fluently 
repeat their viKalization phrase.: 

Results <if Experiment I 

In order to take into account any trade
off between reading speed and viKalization 
accuracy, analyses were done on both 
latencies and a combined score which re
flected the dual nature of the task (fluen
cy/latency) Data were analyzed in a 3 (vo
calization group) >̂  3 (sentence type) x 2 
(sentence length) analysis of variance, with 
the last two factors repeated measures. 

Latencies. Analyses of variance were 
done on response latencies for semantically 
acceptable and unacceptable items. Res'ilts 
for the semantically acceptable sentences 
arc more interpretable. because subjects 
were required to read the whole sentence to 
make an "acceptable" judgment. Early 
negative decisions were possible for unac
ceptable sentences Therefore, subject 
means of correct decision times for accept
able items of each sentence type and length 
are displayed in Table 2. 

The main result of interest was that 
tongue-twisters required more time to ver 
ify than neutral sentences.. The subject 
analysis of acceptable sentences revealed a 
main effect of sentence type, /•(2,66) == 
10.04, p - .(X)I. A planned ortliogonal con
trast indicated that **^'^r of the variance of 
the main effect was due to the difference 
between neutral sentences (2.90 seconds) 
and tongue-twisters (3.08 seconds), F(l,66) 
= 19.25, p < .01. For acceptable sentences, 
the tongue-twister effect was not signifkant 
in the item analysis F(2,90) = 1.57,/> = .2. 

8 
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TABLE 2 
DECISION TIMES FOR "ACCETTABLE" ITEMS (SEC): EXKIUMENT I 

VocaKacaiion 
fomp 

Vowd 

Uibvi 

Ah^ibr 

Seateace type means 

Setnencc lengtfa 

Shmt 

Short 
LOMf 

Short 
tone 

NeMnd 

2.72 
3.57 

2.M 
3.40 

2.23 
3.14 

2.90 

Sentence type 

Bilabial 

2.49 
4.0t 

2.38 
3.56 

2.35 
3.45 

3.05 

Alveofatf 

2.79 
*.0S 

2.42 
3.57 

2.35 
3.41 

3.10 

Croup awaa 

2.67 
. 3.90 

2.M 
3.51 

2.31 
3.34 

However, for uiUKceptaMe sentences the 
toi^Mi-iwister effi^t was s^i&ant in both 
the sul^ect analysis, F(2.66) « 10.24, p < 
.001, uid the item analysis, F(2,90) -= 7.S3. 
p > .001. Tl» difference between unac-
oepiaSbh tt^pie-twisters tad neutral sen-
l̂ Mices accounted fcM-96%<tf the variance ot 
the main effect ot the 8ut>j«:t analysis. 

The s u l ^ t analysis <^ acceptable sen
tences alto showed that loi^ sentences re
quired more tia» tima short senten^s. 3.58 
seconds compared with 2.4S seconds, 
FH.33) * lS7.SS,p < .001. I luse^ct was 
adso s^nificaat in the item analysis. Fit,90) 
» 185.10, p < .001. For unacceptjri^ sen
tences, the fei^h effect was also si^ifi-
eant, F(l,33) - 125.02 for the subject 
analysis, MidF(1.90) » 250.42.p < .001 for 
the item anddysis. 

Then was some evidence <tf a setttem:e 
type X length interaction such that the 
tef^th effect was larger in tongue-twisters 
than neutral sentences tind the tongue-
twister eff4»t was reliable for long sen
tences only. For wxeptable items, thti in-
terMtion was signiUcant in the subject 
analysis,F(2,66) » 7.GZ.p < .CI, but not in 
the item »iaJvsts, F(2.90) = 2.00, p = .14. 
However, for the unacceptable items, this 
interaction w u not signifkant in either the 
satyect analysis or in the item andysis. 

VocaJizati<M) group was not signifkant in 
either the subject analysis of acceptable 
sentences, F(2,33) ^̂  1.67, p « .2. or the 
amdyitis df unaccefrtabie sentences, F < 1. 

However, the item analyses siwwed a main 
effect of vocalization group, both for ac
ceptable items, F(2,I80) » 55.73,p < .001. 
and for unacceptable items, F(2,I80) « 
27.46, p < .001. For the a c c e p t ^ items, 
this effect was due to long times for the 
vowel vocalization group. For ti» unac-
ceiMable items, this effect additionally re
flated shorter times for the aivetriar vo-
cidizing group. 

Dual task measure. Whik the sulyect 
analysis showed a tongue-twister effect, 
iMMM of the analyses of latem;ks showed 
specifk interfertiKC between the conso
nant content of the tonpie-twisters being 
read wtd the consonant content of the vo
calized phrase. However, it was possible 
that processing trade-offs were occurring 
and that a dual task measure might |nt>vi<k 
evidence fdH* specific interferebce between 
reading and vocalizing. The dual task nMh 
sure renected both response times, as 
reported above, and the subject's vocal
ization which had been recorded on a 
cassette recurder and scored for fluency. 

This fluency i»core refkcted both dis-
fluencks in the sub^t's artkulsAion of the 
frfirase and nonrhythmk pauses in artkula-
tion. The fluency score was derived by as
signing one (^ three possibk points to the 
sut^t 's vocalization during a reading trial. 
A vocalization trial was scored as 2 if it 
contained no disfluencics, as a 1 if it con
tained one disfluency, and as O.tf it con
tained two or more. Inteijui^ j^inment 
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of two jodges in assipiment of these scores 
was 90%. 

Tlw diud task owasure was the ratk> of a 
siAjMt's total fl^iKy score during pre-
seittalkHi <̂  a given sentence set to the 
neaa deciskMi tiaw for thai sentence set. 
An MHiiysis of variance of this dual task 
raeasute (fluency/lateiKy) showed some 
evyew» of specific interference between 
Uie phrase the subfMt was articulati^ and 
the consonant content of the sentence he or 
she was reading. F(4,66) == 2.68, p < .05. 
To simplify the results of this analysis. 
Table 3 expresses performance on this 
OMasure as a ratb of performance on neu
tral sentences of a given length. The results 
are nmst simply seen in the overall sum
mary at the bottom of TaUe 3. In contrast 
to control subjects, bilabial subjects did 
distinctly worse on both types of tongue-
twisters compared with neutral sentences. 
More suggestive is that alveolar subjects 
did significantly worse on alveolar sen-
teiKes. :n agreement with the speciFic in-
terfereiKe hy(»thesis. 

Discussion of Experiment I 

The results of Experiment 1 demon
strated the visual tongue-twister eff<;ct. 
Before this can be ^cepted as a genuine 
phonetic cfTect. another explanation must 

be consitkred.. Tins is the possfltSity that 
test senteiK:es dMeted in their iiitrm«c sen
sibility and that the more sensi^ set^nces 
were the neutral sentences. If so, the deci
sion time deferences m ^ t refh^ itWnwite 
sensibility differences, not tlw effect <tf 
consonant repetitkni. This possibility cmi 
be rented. First, each neutnd sentem-e 
was carefully nuuched. semantically aztd 
syntactically, to a toogw-twister. Secomi, 
data on the memingltilness of the sentemres 
were collected. An independent gnwip of 
subjects rated each senteiKe for its mean-
ingfulness on a five point scale. Tlie vari
ance of each item on this meaningfulness 
measure was tcken to be an imkx of ap%e-
ment concerning its «;cept^ility. We con
sidered this variaiK:e measure more sensi
tive to item differences than means across 
ratings. The mean of these variance scores 
for neutral sentences was .26. for bila
bial tongue-twisters, .34, and for alveolar 
tongue-twisters. .69. This measure was 
used as a covariate in a new iter covivi-
ance analysis of latencies.. The results 
of this analysis replicated the pattern we 
have reported for the item analyses of 
latencies. There was a significant tongw-
twister effect for unacceptable items, 
F(2.89> = 5.94. p < .01, and a nonsignifi
cant diffc'rence for acceptable items, with 

TABLF J 
DuAi JMU PiRKinMAMi KvpKiSSI i> *s PKontRikis Oh DIM Iwt. Mts^vu ON CoMiuti StNii-Nits: 

hXPIKIM^M ! 

Vocalization 
group 

Vowel 

BiUbial 

Alveotitr 

Overall summar) 

Senlenwe len^h 

Short 
Uing 

Short 
Lxtng 

Shon 
l-ong 

Vowel 
Bilabial 
Alveolar 

Neutral 

1 00 
1 OG 

i iK) 
1 IK) 

100 
1 00 

SemeiH— type 

Bilabial 

107 

% 
95 

.9J 

.90 

Alveolar 

.91 
•»5 

.92 

.82 
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s of neutral sentences requiring 
i«» time, F(2.f9} - i.54,|i » .2. 

Several qittstions remair<ed. however, 
^ e r Expernaent I. Of major importamre 
w» the bck (^ spectfk interference for the 
<Wid^ fftmp. Tliese s i d ^ t s showed only 
ii genenri tonjue-twister effect and not a 
i^^ttk vocaitzatbn interference effect. 
Wl^ only ooe ptmip of the subjects show-
i ig s p e c ^ interfereiKe, and then only in 
tte ^ d task measure, specific interference 
effects were much in doubt. We also 
tkought it necessary to replicate the 
toqpie-twiMer effect on an expaixled set of 
b^is aiKl to denK>nstrate a consistent effect 
across items as well as sublets. These con-
riderBtkms prompted Experiment 2. 

ExreaiMENT 2 

Tlie second experiment differed from the 
first in three ways. First, utice tf» variance 

sirtisect groups was hu^ in Experi-
I. vowel versvis consonant vocaliza

tion was made into a partially within-
Mitgwt factor in the second study. Each 
nl^ect \'0cali2ed a vowel phrase and a con-
tMHUit i^rase and thus became his own 
GoMrol. Second, the vowel phrase, which 
proved so difficult for subjects in Experi-
nent I. was changed from /a/, /I', laH. Id. 
fa/tot imaningful phrase ("I owe you an 
1.0. U."). TMs was done to reduce both 
Memory load and interference from the 

l^rase that names the tetters A. E. 
I, O. U. Finally, a third type of tongue-
Iwteer and its corresponding vocalization 
were added. This addition involved the 
veiar consonants. lU and /g/. With this ad-
£lion. there were three sets of tongbe-
twMers. as well as tluec consonant vocali-
ZMkm groups within which to detect spe-
sMic interfereiKe. 

itetkod 

Subjecis.. Subj'̂ cts were 48 University of 
*ittsburgii undergraduates fulfilling class 
leq^fements. With the exceptbn of coun-
inbalancii^ according to ssx, tiw 48 sub
sets were randomly assigned to one of 

tluee experiimntal conditioiis, 16 m each. 
(Because the critkal data depended on ac
curate sentence decision! ,̂ suittjects with 
errcH- nues over 2S% were i«|4aced. This 
resuhed in the replacement of 25 »ri)9ects, 
distributed nUter evenly across Uie three 
conditions.) Each condition differed s&-
cording to which consonant phrase the 
subject was to vocalize. Thus, there Wf-re 
three subject ptHips: one vocidiziag the 
vowel and biiabiid phrases, one vocalizti^ 
the vowel and alveolar phrases, and a third 
vocalizing the vowel and veiar phrases. 

Materials. Four sets of40 sentences were 
constructed, incorporating sentences from 
Experiment 1 when appropriate. Only sen
tences containing five or six content words 
were used. In one of the sets, each senteiKe 
contained five or six content words begin
ning with bilabial phoneiitts </b/ or Ipf)- An
other set was fUkd with word-initial alveo
lar plwnemes (/d/ or /t/). and a third with 
word-initial velar i^nenws (/g/ or /k/). The 
fourth sentence set contained plioaeticaily 
neutral sentences with a natund mix of 
word-initial consonants, excluding bi'abial. 
alveolar, and veiar consonants. The sen
tences were again constrtKted as syntivtic 
paraltels: a syntactk pattern used in one 
sentence of a given consonant set was re
peated in a sentence in each of tiw others. 
As in Experiment I, half of the sentences in 
each set were semanticaliy acce|Mabte and 
half were not.; Unacceptable sentences 
were constructed as in Experiment I. inter
changing content words across sentences 
within a given consonant type. Syntactic 
acceptability was preserved as much as 
possible in the unacceptabte senteiKes to 
ensure a semantic basis for the jui^pnent. 
Each of the 20 acceptable phonetically 
neutral sentences was a semantic as well as 
a syntactic parallel to a tongue-twicer. The 
tongue-twister sets were represented as 
equally as possible in the set of nu^hed 
neutral sentences: 7 of the sK;ceptabte neu
tral sentences were phonetically neutral 
paraphrases of Mlabial tongiM-twisters. 7 
were neutral paraphrases of alveolar 
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rm^He^wi^rt, « ^ 6 wete mtOlrd |NU»-
Haioetof vetartofiitte-twiMers. n x s i n i ^ 
^ Ike vocaHeMiM pimufs wid semences 
«Md in ExpcrtiMM 2 are presented in 
Table 4. 

The ftmr sets (tf 40 sei^nces produced a 
total of 166 seateBMs, which were reid by 
aR wl̂ TOts. TVse were iwesemed ni two 
hiosKs ctf n y^itesces each. E^ch block 
eoetoned 20 »MeiKes (iO accepti^ »id 
10 HMfficeĵ abie) from !he p^aeticaily 
neutF^ set and 2b from each ef the sets of 
tORgMe-twisters—bilabiai, alveolar, and 
velar. Within blocks, each sentence set 
beg,tii wiUi a i e^ in »ntefKe, and a |»ac-
tke 8«i of 21 seMences was constriKted 
which preceded t N experimental blocks 
diirinf presentation. In or«ter to make vo-
caitzation a within-sstbject vari:d>k. each 
stt l^t saw oM bhxrk of sentences while 
v o c d i i ^ the vowel phrase and the <Mher 
block while vocalizing ihe consonant 
phrase, in additkHi. enter of presentation of 
the sentence sets v-itlun bbcks was coun-
terbalaaccd across subgects. following a 
Latin squa.'e d e s ^ . Order of |»resentation 
of bfaxk and vocalization was also counter-
bda^ed. HHIS each ot the 48 stib^ts rep
resented a unk}ue combinatkm of conso
nant vocnlizatk>i>. bkxrk order, vocalizatun 
mder, and mder of the sentence sets within 
each bbck (3x2x2x4). 

In order to evaluate the possibility of 
differences in intrinsic meaning of sen

tences wkiMM aad across sentence sets Kid 
IO equate the Macks as nmch as poi»lbie. 
the test seate»:es were riMed on a five p(M 
comprchensMlfty i«ale by M mdep^deiM 
fronp of si^Hects uoder no line eonmmm. 
These s'lkjects were instruct^ to n» a 
sentence as a S sr it made p«fect sentt, us a 
I i f i lwasuMiKmseme,^l^aSi f they 
cotdd not (kckSe whether it ma^ seme. 
(Very few sentences w.re n^d » 3. and 
tho«e that were so rated were rewrftien.̂  
The vari»»ce «rf̂  each item on this mean-
i^ulness measure W8k agaiu taken to be an 
index of agreement concerning its ac-
ce^idHiity. The mean of these variance 
scwes for neutrari scnteiKres was .37 (50 « 
.39). for biiî Hal tOi«gue-twis«ers. .54 {SD » 
.K». for dveoldr. .51 iSD ' .43). and U« 
velar. . ^ {SO •= .37). in an analysis of vari-
anre. tongiK-twisters were not ditferent 
from msutnd sentences. F(3.IS6> ^ 1.67. p 
= .18. Based on tiK.<e ratings, the two 
Mocks of sentences were constmcteil so as 
to be af^iroximately equsU in the ntuM^^^ 
senteiKe ,̂ r^ed S. 4. 2. and I that^iiey' 
contained. 

Procedure. The proceduie was the sime 
as in Experiiwnt i. excefH ttot the stdî ects 
vocalized two phrases, one for tl^ firu 
btock (^90 sentences, and a second ^irase 
for tte remaining block of 90 sentences. 
Half of the sub^ts vocalized the vowel 
phrase first, and half vocalized their conso
nant phraM (bilabial, alveolar, or velar) 

TABLE 4 
ExAunistM^ M*rciuAiv ExKUMtM 2 

Voeaktuktn |ri»a«et 

SetHfacck m readms Ukk 
• y e * ' 

• •»o" 

Vowei-
Bdjfetid. 

Alveolar 
Vriar 

Biblnal. 
Alvetdar. 

VelM 
NcMrai. 

Vetir. 

i owe yott an I O.U. 
Pkck a pur of purple |Minper%. 
Take a lade uf t e n ^ tunle 
CiUch tbe cimdM t^ cocoa ct>okw&. 

The bteme bars mtn Notigtii m tnifs to I'ac hMti. 
MIS Utt tales wcfte take* M inMb by Ike IWHM. 
T' jat earn were cWaMd a» tbe C M ^ ot the ciash 
;» cK^ser^ed iKmes were Iwheved by hn sons. 

The fpomi chMhes were coocentrattd as the can of the ccMle. 

12 



THE VISUAL TONGUE-TWISTER EFFECT 681 

first. Subjects read each sentence and 
jagged its semantic acceiHability, preising 
the t^^ro^riate tatton as soon as a decision 
had been made. EiKh subject's concurrent 
vocalization was recorded on a cassette 

: Mxorder. and respDnse latency as well as 
accuracy of the acceptability judgments 

i were recorded by the computer. 

Results of Experiment 2 

Analyses were done on latencies, errors, 
fluency, and on the combined score de
scribed previously (fluency/latency). Ac
ceptable sentences were analyzed sepa
rately from unacceptable sentences, as well 
as combined. 

Latent ie\. The results of interest from 
the an;dysis of reading speed were these: (II 
tongue-twisters required more time to ver
ify than neutral sentences: (2) latencies 
were longer during vocalization of the con
sonant phrase than the vowel phrase: O) 
tittre was no evidence of a specific interac
tion between consonant vocalization phrase 
(bilabial, alveolar, or velar) and tongue-
twister sentence type. 

The tongue-twister effect was significant 
in the subject analysis of acceptable and 
unacceptable sentences combined. r(3.l26) 
= 9.13,p < .00!. The comparison between 
ton^e-twisters and neutral sentences ac
counted for 98.69^ of the variance of the 
main effect. F(l.126> = 27.01. p ' .01. The 
tongue-twister effect was also significant in 
tlK analysis of acceptable sentences only, 
with 3.10 seconds required to judge accept
able tongue-twisters compared with 2.72 
seconds for neutral sentences. F(3.I26) -
13.06. p < .001. The comparison between 
tongue-twisters and neutral sentences ac
counted for 95^ of the variance of the main 
effect. F(I.126) - 37.32. p < .01, The 
tongue-twister effect was also significant 
Kross items, regardless of whether accept-
iMe sentences were analyzed alone. Ft3.72) 
» 7.58. p < .001, or combined with unac-
ceptidiie sentences, F(3.I52) = 7.09. /> < 
.001.: In the dialysis of unacceptable sen
tences only, the ton^»-twister effect was 

only marginal, F(3,I26) - 2.33, p - .08. 
(There was, in general, much more vari^il-
ity in the unacceptable sentences in the 
subject analyser, probably due to variid>ie 
"exit rules" that altowed subjects to ter
minate processing when they read a seman
tic anomaly, regardless of its position in the 
sentence.) 

Subject analyses also showed a signifi
cant effect of vuvalization phrase.. Judg
ments of acceptable sentences were longer 
during vocalization of the consonant phrase 
than the vowel phrase. 3.15 seconds com
pared with 2.87 seconds. F(l.42) = 7.48, p 
< .01, The vocalization effect remained 
significant in the subject analysis of accept
able and unacceptable sentences combined. 
F(1.42) = 4.60, p < .04. However, it fwlcd 
to reach significance in the subject analysis 
of unacceptable sentences only, F(l,42) = 
1.60, p = .2, despite a 170-millisecond dif
ference between means. 

In none of the subject analyses was there 
a significant specific interaction between 
consonant vocalization and tongue-twister 
sentence type, F < 1 in ail subject analyses. 
The item analysis of acceptable sentences 
also showed no interaction, F < 1.. 

These results are summarized in Table 3, 
which displays subject means for accept
able sentences. The main effect of sentence 
type, the visual tongue-twister effect, is 
seen in row 4. The tongue-twisters required 
an average of 370 milliseconds lon^r to 
process than phonetically neutral sen
tences. 

Errors. In the subject analysis of errors 
on acceptable sentences, the tongue-twister 
effect was again significant. F(3,126) = 
3.86. p = .01, with the difference between 
tongue-twisters and neutral sentences ac
counting for 55% of the variance of the 
main effect, F(I,I26) = 6.37, p < .03. In 
this analysis, however, tiu vocalizatbn ef
fect (vowel or consonant) was not signifi
cant, .F < 1.; 

Fluency.. Since this measure is aî Mopri-
ate only in analyses of sufc^t perfomuuice 
over entire sets of senteiKes. only a subject 
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TABLE S 
DECISION TIMES FOU 'AccErrABU" SENn=NcEs(SEC). EXKRIMENT 2 

Vocalization 
grottp 

Vowri 

Aivetto/ 
Vowel 

Veto/ 
Vowel 

Sentence type means 
VocaiizMktn means 

Vocalization 

Vowel 
Consonant 

Vowel 
Consonant 

Vowel 
Consonant 

Vowel 
Consonant 

Neutral 

2.50 
2.71 

ZiO 
2.65 

2.79 
3.36 

2.72 

Sentence type 

Bilabial 

286 
3.18 

2.76 
3.06 

3.27 
3.J7 

3.11 

Alveolar 

2.93 
3.08 

2.67 
2.94 

3 28 
3.36 

3.04 

Velar 

2.79 
3.10 

2.90 
3.02 

3.34 
3.71 

3.14 

Croup 
mean 

2.77 
3.02 

2.66 
2.92 

3.17 
3.S0 

2.87 
3.1$ 

analysis is reported. While the analysis of 
errors showed only a tongue-twister effect 
and no vocalization effect, the fluency 
analysis showed only a vocalization effect 
and no tongtie-twister effect. F < I.: Sub
jects Rtade fewer disfluencies during the 
vocalization of the vowel phrase than the 
consonant phrase, F(l.42) = 29.75, p < 
.001. There was idso a significant interac-
ttOTi between vocalization and order of vo-
cdizatbn, F(l,42) = 4.S5,p < .04, such that 
vocalization of the vowel phrase showed 
even fewer disfluencies after practice with 
initial vocalization of the consonant phrase. 

Dual task measure.. The analysis of the 
combined measure (fluency/latency) did not 
reveal specific interference from concur
rent consonant vocalization in any group. 
The imttem of results was unchanged from 
the latency analyses. The tongue-twibtcr 
effect remained, F(3.I26) = 11.09,/? < 001. 
with neutral sentences compared with 
tongue-twisters.F(l. 126) = 31.(»,p < .01, 
accounting for 93% of the variance of the 
ttmn effect. Also remaining was the vocali
zation effect. F(1.42) = 10.(«, p < .003. 

Discussion of Experiment 2 

Experiment 2 confirmed the tongue-
twister effect with all three sets of 
tongue-twisters and showed the robustness 
of the effect across subject and item 
analyses. In order to furtlwr test whetlwr 

the tongue-twister effect was genuinely 
phonetic, we compared performance on 
the neutral sentences with the specific 
tongue-twisters wi.n which they were both 
semantically and syntactically matched. 
This analysis was performed tô rotdce cer
tain that those tongue-twisters which were 
not matched in meaning to a neutral sen
tence were responsible for the tongue-
twister effect. This analysis of semantically 
matched items confirmed the tongue-
twister effect. Tongue-twisters required a 
mean of 3.14 seconds to verify, while the 
matched neutral sentences required signifi
cantly less time, 2.84 seconds, F(l,38) = 
6.39, p < .02. 

Still another nonpho.<etic explanation 
could be offered for the tongue-twister ef
fect. Perhaps the repetition of the same 
grapheme in word-initial positions makes 
the sentence visually confusing, quite apart 
from its phonetic content.; Some tongue-
twisters did contain word-initial repetitions 
of a single grapheme, for example, (1) The 
dark drifts of the desert were dry and dusty. 
However, others contained only word-initial 
repetitions of place of articulation with the 
graphemes more variable, for example, (2) 
The tired, dirty donkey turned toward the 
door. Tite voiceless velar /k/ provides ai^ 
interesting case, since it has three different 
spellings in English. The word-initial 
phoneme could, therefore, be repeated 
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while the ̂ af^mes changed, for example, 
(3) The curved claws of the kitten were 
clean and quick. 

In onter to examine whether the tongue-
twister effect was due to phonetic repeti-
Uons or tetter repetitions (as Baddeley and 
Lewis (1^1) suggested), a post-lK>c analy
sts of variaiKe was performed on a subset 
of tte items. Sentences with 100% of the 
content words containing the same word-
initiid phoneme tHKi gr^heme, such as (I), 
were compared with sentences containing 
content words with mixed initial graphemes, 
such as (2) and (3). The criterion for the 
mixed classification was that a maximum of 
three of the five or six content words (up 
to 60%) contain the same initial grapheme. 
According to this criterion, 46 of the 60 
tongue-twisters used in Experiment 2 were 
analyzed. The 14 sentences in which more 
than 60% but less than 100% of the content 
words began with the same grapheme were 
excluded from this analysis, so as to make 
the same-grapheme and mixed-grapheme 
sets as different as {wssible. The difiierence 
between the mean latencies for the same-
gr^>heme sentences (3.11 seconds) and the 
mixed-grapheme sentences (2.97) was not 
significant, F < \. 

The suggestion by Baddeley and Lewis 
(l%i) that phonetic similarity effects are 
due to visual confusions i; in contradiction 
to our explanation of the tongue-twister ef
fect. In Baddeley and Lewis (1981) and 
other related experiments (Baddeley & 
Hitch, 1974). phonetic similarity was ma
nipulated by repeating vowel-consonant 
pairs throughout a sentence, that is, sen
tences were filled with rhymes. Rhyming 
sentences required longer reading times in a 
semantic acceptability task. Baddeley and 
Lewis (1981) also found that counting aloud 
did not interact with rhyming-based phonet
ic similarity in either latencies or errors. 
Tliey concluded that the phonetic similarity 
effect was due not to phonetic repetition 
but to v.'̂ ua/ repetition in the sentences 
containing rhymes. They found support for 

this conclusion in correlations (r = .6) be
tween sentence judgment times and a viswd 
repetition measure based on tite number of 
repeated digrams in a sentence. 

While our comparison of same-grapheme 
and mixed-grapheme tongue-twisters did 
not show a significant difference between 
the two types, tlwre was a difference in the 
direction predicted by the vismi confusion 
hypothesis. We further assessed visual 
similarity in a manner comparable to Badde
ley and Lewis (1981). The number of re
peated digrams was counted in each of ttie 
acceptable sentences from Experiment 2. 
Following Baddeley and Lewis (1981) this 
digram count included all the graptemes in 
a word (not only word-initial ^-aphemes) 
and all the words in a sentence (fonction as 
well as content words). Since sentence 
length is correlated with reading time, each 
sentence's digram count was conwted tor 
sentence length by dividing the number of 
repeated diagrams by the number of words in 
the sentence. The corrected digram score 
for e&h sentence was then correlated with 
the average reading time for that sentence. 
For all sentences, this correlation was not 
significant, r - .18, p = .11. For the 
tongue-twisters separately, this correl^ion 
was zero, r = .03, whereas for the neutral 
sentences separately, it was modest and in 
the direction predicted by a visual hypothe
sis, r = .40, p = .(W. Thus whatever modest 
effect there was, due to digram repetition, it 
was clearly not responsible for the tongue-
twister effect. We conclude that our ef
fect is phonetic. 

A significant difference between the 
present experiments and those of B^deley 
and Lewis (1981) may partly account for ttw 
differences in the role of visual similarity. 
Baddeley and Lewis (1981) used rhymes 
which contained repetitions of vowel-con
sonant pairs and which were often repre
sented by the same grapheme pair. Our 
tongue-twisters, however, repeated word-
initial phonemes only, sometimes varying 
the grapheme—/c/ or IkJ— and often repeat-
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ing place of articulation only, not the 
thonetne—ltl and lAI, for example. While 
our tongiw-twister effect is not due to graph
eme repetitions, th.i source of the similarity 
effect observed in rhyming sentences by 
Bulcteley and Lewis (1981) and Baddeley 
and Hitch (1974) remains unclear. 

GENERAL DISCUSSION 

Ttw visual tongue-twister effect supports 
the assumption that phonological processes 
are involved in at least some tasks of silent 
reding. However, the lack of a consistent 
interaction between consonant vocalization 
and specific tongue-twister sentences does 
not support the hypothesis that vocalization 
"suppresses" phonological codes used in 
reading. By this hypothesis the vocalization 
of a phrase repeating word-initial alveolar 
phonemes, for example, should cause spe
cific impairment of performance on 
tongue-twisters with repeated word-initial 
alveolar consonants. There was no evi
dence of such specific impairment in Ex
periment 2. In Experiment I, one of the two 
consonant vocalization groups showed spe-
ciHc interference, but only on the combined 
measure (fluency/latency). At this point, 
then, only one group out of five has shown 
a statistically significant interaction, and 
none in reading times ulone. 

These results raise some interesting 
questions. We have argued that the visual 
tongue-twister effect reflects phonological 
processes specific to the phonetic content 
of the words being read, especially the 
word-initial place of articulation.. On the 
other hand, there is no .evidence that spe
cific phonetic interference is produced by 
vocalizing. We are left with two theoretical 
choices in explaining this pattern of results. 
One is that our hypothesis that silent read
ing involves specific phonetic processes is 
incorrect. The second is that the concurrent 
vocalization task does not tap the specific 
speech processes important in silent read
ing. We will argue that the latter is tiie cor
rect conclusion. First, we will briefly re
examine our hypothesis that silent reading 

activates specific phonetic information, or 
what we will call the code assumption. 

The Code Assumption and the 
Tongue-Twister Effect 

There is certainly no claim that word-
initial consonants are the only part of the 
phonetic code in silent reading. We did as> 
sume, however, that such consonants sn 
an important part of the code. Relative to 
vowels, consonants are high in information 
value and they have discrete linguistic 
value as opiwsed to the strictly acoustic 
value that vowels have.. And, relative to 
medial segments, initial segments are 
highly informative and likely to be activated 
during lexical access. The visual tongue-
twister effect does suggest that speech pro
cesses in reading may include this sort of 
code information. Sentences containing 
specific phoneme or place repetition re
quired more time to read silently.; We have 
argued that this difficuhy may result from 
confusions and reprocessing during the 
securing of specific lexical references. (See 
also Perfetti and McCutchen, in press.) In 
temporary memory, the abstract and ab
breviated phonemic representation that is 
sufficient to distinguish one word from an
other in normal phonemically mixed sen
tences is not sufficient in tongue-twisters. 
Since all the content words of tongue-
twisters begin with the same consonant 
(or with consonants sharing place of artic
ulation), their abstract phonological repre
sentations—which are automatically acti
vated—are similar, especially at the impor
tant word-initial segment. Interference thus 
results. In order to perform the sentence 
reading task, subjects must reprocess the 
words and obtain more complete word in
formation from memory.. 

An essential feature of our hypothesis is 
that the speech processing effects in silent 
reading include automatic processes, not 
easily subject to control. We can offer no 
empirical proof of this assumption. How
ever, if this assumption is correct, some of 
the apparent discrepancy between the 
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positive tongue-twister results and the 
negative concurrent vocalization results is 
explained, as we suggest below.. 

What Does Vocal Suppression Suppress? 

The concurrent vocalizatioA paradijpi is 
based in pan on the assumption that overt 
vocalization interferes with covert phono-
k ^ a l activation, or "recoding," and im
pairs reading to the extent that this re-
coding is necessary in the reading task. 
This is why failures to find such interfer
ence effects is taken as evidence against 
phonological processes in reading (Badde-
tey & Lewis. 1981: Levy. 1978). This as
sumption stems, at least in part, from the 
detrimental effect that overt vocalization 
was found to have on performance in 
short-term memory tasks (Murray, 1968). 
However, the data from the studies pre
sented here suggest that the vocalization ef
fects evidenced in reading tasks are qual
itatively different from those in short-term 
memory tasks. 

The tongue-twister effect suggests that 
I^noiogical information is activated dur
ing silent reading, even when it hinders 
performance. This activation appears to be 
automatic, rather than strategic.: If pho-
notogical activation were an optional strat
egy, one would think that subjects would 
have abandoned it when faced with phono-
logically confusing sentences and dealt 
solely with the meaning of the sentences. 
Our subjects were not aole to abandon their 
phonological "strategy, " as it is often 
called (Barron, 1981: McCusker et al., 
1981). The activation of phonological in
formation, we suggest, is not a strategy or 
at least not an easily controlled one. In
stead, it may be a process automatically 
activated during silent reading, at least in 
reasonably skilled adults.' 

This automaticity may be the difference 
between the phonological information acti-

' We have recently replicated the tongue-twister ef
fect in both skilled and less skilled fourth-grade read
ers in an experiment that controlled visual similarity 
by alternating upper and lower case between words. 

vated during reading and the receded 
phonological image used during rehearsal in 
memory tasks. This difference may explain 
the effects that concurrent vocalization has 
in reading compared with short-term mem
ory tasks. Full phonological recodingof the 
sort employed in memory tasks is an op
tional rehearsal strategy that may or may 
not be abandoned, according tc task de
mands.. Concurrent vocalization encour
ages its abandonment. When subjects must 
simultaneously vocalize during a reading 
task, they cannot subvocally lehearse 
items, and phonologically similar items no 
longer produce more errors (Murray, 1968). 
By contrast, concurrent vocalization did 
not eliminate phonoiogicai confusions in 
the present studies nor in previous reading 
studies employing phonologically similar 
material (Baddeley & Hitch, 1974; Badde-
ley & Lewis, 1981). It should be noted, 
however, that in Murray's (1968) memory 
task, the effect of concurrent vocalization 
was to decrease recall of the phonemicalty 
nonconfusing list to the low level of recall 
of the confusing lists. This is consistent 
with the idea that rehearsal and vocaliza
tion are sharing a limited articulatory mem
ory resource, not a specific phonetic pro
cess. 

In reading, concurrent vocalization may 
play a role similar to its role in memory. 
That is, it may impair reading, not because it 
interferes with phonological activation, but 
because it requires capacity within a limited 
cap̂ ĉity cognitive system. Waters (Note 4) 
has investigated this question by equating 
the effects of verbal and nonverbal second
ary tasks on simple nonreading baseline 
tasks and then comparing their effects on 
reading. She has demonstrated that concur
rent vocalization tasks interfere with read
ing only insofar as they make additional 
processing demands. There was no specifi
cally verbal interference in her experi
ments. Baddeley and Lewis (1981), on the 
other hand, indicated that counting reduced 
accuracy on their readiiig task, while tap
ping, a nonverbal task, did not. However, 
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as Waters' research demonstrates, it is dif
ficult to compare the specUicaUy verbal in-
terfereiKe cuised by two very different 
secondary tasks without assessing tl^ir 
geaeral processii^ demaT.ds. 

If, as we suggest, concurrent vocalizing 
has its eCEect throi^ tncrea»ng reKNUce 
deournds, then the fritonok^ical activation 
05 reado^ should be less vu lven^ to re-
sooKM liisitatioas insofar as it is "auto-
m^c" (Schneider & Shiffrin, 1977: Shiffnn 
6 Schneider, 1977). If it is an automatic 
part of lexical activation, it should show no 
eflfect due to cofKurrent vocalization. This 
is vfbat our experiments demonstrate. 

Others have proposed this distinction 
between assunwdly phonological processes 
that are vuIaenU>ie to supfHression by con
current vocaiizatbn and those that are not 
affected. Similar distinctions have been 
made by Baddeiey and Lewis (1981) and 
Besner, Davies, and Daniels (1981) from 
their examinations of the effects of concur
rent articulittion on homophony and rityme 
decisirins. Our interpretations do, however, 
differ firom thont offered by either, in two 
important ways: First, that activation of 
phonological information is an automatic 
by-product of lexical access, not necessar
ily a route to lexical access: seccid, that 
any observed suppression effects may be 
due not to interference with specific speech 
mechanisms, but rather to more general ca
pacity drains, as Waters (Note 4) argues. 

Finally, it may be helpful to think of 
phonological activation as a continuum, 
with the automatic activation which occurs 
upon lexical access falling at the low end of 
the activation continuum and resource-
demanding receding of the sort involved in 
rehearsal falling at the high end. Concurrent 
vocalization may be noticeably disruptive 
only for processes requiring the highest 
levels of phonological activation, such as 
rehearsal, since these processes also re
quire cognitive capacity (see Perfetti & 
McCutchen, in press, for a more detailed 
discussion). By this capacity interpretation, 
many of the conflicttng results from sup-

pressbn studies can be attributed to the 
difficulty ^ f the secondary tasks, not to 
modality speciHcity as has been argued 
(Levy, 1977,1978). It makes sense, by this 
capacity interpretatk>n, thiu B&ddefey and 
Lewis (iS^I) found that countii^ f<Mm one 
to six did mrt interfere with rhyme jiii%-
ments, while Kleiman (1975) found that a 
more difficult task such as d ^ shadowmg 
did produce interference. The capacity in-
ter{Hietation of concurrent vocalization d'-
fects entails rejecting vocalizatwn tasks fm-
isolating specific speech |»ocesses during 
reading (see also Waters, Note 4.) 

In summary, we have su^ested that the 
visual tongue-twister effect demonstrates 
that phonological activation occurs in 
readily sentences and that specific |rfiom-
mic features are part of what gets acti
vated. Because of the lack of specM: in
terference of concurrent vocalization, we 
have also suggested that coi^urrent vocali
zation has its effect on processing resources 
but not on automatic phonological activa
tion. This suggestion, which now has evi
dence (Waters, Note 4), eliminates riiuch <̂  
the difficulty in interpreting concurrent 
vocalization effects that has ariwn in the 
research on speech in reading. 
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